thyroid adenomata in rats by the long-term administration of goitrogens. Bielschowsky, Griesbach, Hall, Kennedy and Purves (1949) showed that these thyroid tumours as well as those appearing under the combined influence of goitrogen and carcinogen could be transplante 'd into rats of the same strain.
Transplantation was only successful when the recipient animal was kept in a state of thyroxine deficiency produced either by treatment with goitrogen or thyroidectomy. From this failure of the transplanted tissue to grow in normal animals it was concluded that an excess of thyrotrophin was needed for the continued progressive growth of such tissue in a similar way as it had been necessary for the induction of the original tumour in the rat's thyroid. Therefore, these tumours were not considered to be " autonomous," although they showed such signs of mahgnancy as a typical and progressive growth, invasion of surrounding tissues and formation of metastases. The transplants grew rather slowly and never seemed to cause the death of the host. The tumour, therefore, was considered to be of a low grade of mahgnancy.
Experimental tum'ours are generally considered to undergo increases in malignancy on transplantation, though there is doubt as to whether these increases are due to gradual adaptation to the host or to mutations in the tumour tissue giving rise to more malignant variants which are selectively propagated under the conditions of serial transplantation. This report describes changes occurring in the thyroid tumour strain T, during 3 years of propagation by serial transplantation. These observations have a bearing on the problem of malignant changes in transplanted tumours.
METHODS.
The strain of rats used was the same as described before (Griesbach, Kennedy and Purves, 1945 ;  Purves and Griesbach, 1946,'l947) . Transplantation of the tumour tissue was made by implanting the small pieces subcutaneously under the skin of young rats by the use of a smaR trocar. In some experiments the .tumour tissue was finely minced with a smaR mincer and the mass injected by the Bashford syringe, 0.05 ml. being injected subcutaneously in the flank of each rat. The majority of rats were continuously supplied with a -01 per cent solution of methylthiouracil as drinking water. Special mention is made in the text when no goitrogen was given. Some animals were treated with thyroxine, receiving daily injections of 10 jig. of DL thyroxine in I ml. of normal sahne.
RESULTS.
Origin of Tumour Tl.
The tumour strain with which this communication is concerned was obtained from a male rat which from June, 1946, wag given 0-0 1 per cent of methylthiouracil in the drinking water. In May, 1948, the rat was anaesthetized with ether and the thyroid inspected. The thyroid was very large with a nodule protruding from the isthmus. Part of this nodule was removed and two pieces were inoculated into two young rats which had been given 0-01 per cent methylthiouracil beginning 5 days previously. The original rat was then treated with thyroid substance, and at later examination the thyroid and the tumour which had been left were found to have regressed in size. Both the grafted rats developed tumours, these forming visible nodules (first generation grafts). Fig. 2 and 3 show the appearance of one of these rats 5 months after the initial grafting. Histology of Tumour Tl.
Histological material from the first generation grafts showed that both animals had the same type of tumour. The tumour was an adenoma with well-developed acinar structure. The acini varied in size, many of them being larger than the acini of the normal rat thyroid. In one line of transplantation this structure has been maintained up to the present day, and 'Fig. 6 shows the histology of a graft from the fourth generation of this fine. It will be noted that surrounding the larger acini there are numbers of small acini which suggest that new acini are being formed by budding from the larger ones. Small cellular areas exist without well-defined acini, but these are considered to be areas of prohferation in which differentiation has not yet taken place. The nuclei are large and hyperchromatic and, are closely crowded in the walls of the acini. The acini are well filled with colloid, this colloid accumulation being always present even under conditions of strong thyrotrophic stimulation. This presence of colloid does not, however, indicate that the tumou'rs are not influenced by thyrotrophic hormone, since when the thyrotrophic hormone production in the host is inhibited, these tumours undergo rapid regression. Iodine, metabOli8ln of T, tumour.
The iodine metabolism of the transplanted T, tumour was tested in rats bearing second generation grafts. (Fig. 1 1) (Fig. 8, 10) The role of goitrogen8in the production of primary tumour8in the thyroid. When Bielschowsky (1944) described the production of thyroid tumours in the rat by combined treatment with aRylthio'urea and acetamidofluorene he considered that both the action of the carcinogen plus the hyperplasia resulting from the goitrogen were necessary for the induction of thyroid tumours. However, Griesbach, Kennedy and Purves (1945) reported that the prolonged action of goitrogens alone led to the formation of tumours, which in a later publication (Bielschowsky, Griesbach, Hall, Kennedy and Purves, 1949) were shown to be similar in all respectsto those appearing after the carcinogen treatment. With goitrogen alone, however, tumours are later in appearing and are fewer in number. These tumours are-dependent upon high thyrotrophic hormone level for their growth. In normal animals such tumours, either in the thyroid or as grafted -tumours, undergo rapid regression and eventually disappear, so that they cannot be induced to reappear by the subsequent administration of goitrogen. The simplest explanation, therefore, of the role of the goitrogen in the production of these tumours is that it induces the high thyrotrophic hormone production without which such tumours cannot grow. In this view, the goitrogen would not have any influence on the formation of neoplastic cells. It is, therefore, considered that neoplastic cells arl'se spontaneously in the normal rat thyroid, and that when conditions are suitable for the growth of such cells, visible neoplasms result. The carcinogen seems to act by speeding up the formation of, neoplastic cells. The non-occurrence of thyroid neoplasms in normal rats is explained by the fact that aR such primary thyroid tumours in the rat require high thyrotrophic hormone levels for their growth. Mutation8 in tran8planted adenoma8.
Since the primary adenomas of the rat thyroid strongly resemble the normal thyroid tissue it is not surprising that there should arise within them areas of tissue differing in structure from the parent adenoma. Presumably these areas arise from changes in single cells of the adenoma similar to the original change which produced the adenoma from the normal thyroid cell. The observation of such changes is facilitated by'reason of the large mass of thyrgid adenoma that can be maintained, since tumours up to 5 g. in weight are commonly produced.. The continuous growth of such tumours 4nd the propagation of them by transplantation leads naturaRy to the selection of fast-growing types of tissue so that an increase in maHgnancy with transplantation is to be expected. However, modifications of the adenoma are not invariably in the direction of increased mahgnancy. We consider that the type of nodule described as the second type of tissue observed in the fourth generation transplants is a relatively slow-growing benig -n structure which reappears in successive generations, and which by virtue of its slow growth and lack of metastasizing power cannot be selectively propagated by transplantation. On the other hand, the truly malignant, invasive and metastasizing carcinoma will, when it once appears, invariably supplant entirely the benign structure in two, or three at the most, generations of grafting. Evolution of malignancy in benign tumour8.
While it has been recognized that transplantable mammalian tumours show increases in mahgnancy on transplantation, it has been often assumed that such increase in mahgnancy results from a gradual adaptation to the host or a gradual modification of the original tumour. The well-defined structure of the thyroid adenomata, however', makes it easy to see that modifications of the original tumour arise by distinct mutations and not by gradual changes. Thus 
